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OBSERVATIONS ON 

THE SAGITTARIA SUBULATA COMPLEX' 

Preston Adams and R. K. Godfrey 

The S(i(/iffaria suhiflata complex has been variously inter¬ 
preted by recent authors. Small (1933) recognized four 
sjjecies, S. subulata (L.) Buch., N. xfagnorum Small, S. lorata 
(Chapm.) Small, and N. tiliforniis J. G. Smith. Seven years 
later Fernald (1940) interpreted the group as a single si)e- 
cies, S’, subnidfa, with four “faii’ly marked varieties,” vai’. 
uafani^ (Michx.) J. G. Smith, var. <i > acUllma ( vv ats.) J. G. 
Smith, var. lorafa (Chapm.) P^ernald, and var. fypica. The 
following year Clausen (1911) concurred with Fernald that 
S. sHbnl((f<(, S. iiafnas, and S. lorafa were consi)ecific. Clau¬ 
sen, howevei', considei'ed Fernald’s varieties iKdaas and lora¬ 
ta to be phases of a single sub3j)ecies, ssp. lorata (Chapm.) 
Clausen. The variety (jracilliaia- was thought l)y Clausen to 
be a dee)) water ))hase of the tidal mud flat i)lant, then 
known as S. rabulata ssj). typica. In a recent revision of 
the genus Bogin (195.")) i-ecognized a single s])ecies with 
thi’ee vai’ieties. He noted that this s])ecies, S. siibulata, is 
“exceedingly i)lastic“ in its vegetative body. His varieties 
wei'e i)roi)osed “onl\' lu'sit^uitly” since they “are all similar 
llorally, and mei'ge into one anothei- vegetatively without 
shai’)) demai’cation in structui’e or distribution.” Bogin’s 
concei)tion of vai'. sabalata included Fei’iiald’s varieties 
nataar, lorata, and typi<-a as well as Small’s S. stagaorani 
and i)art of Smith’s N. jit i for mis. In his circumscription of 
a second taxon, var. (irarillima, Bogin included a i) 0 }fion 
of Small’s N. lorata and jiart of N. Jiliforaiis J. G. Smith. 
Bogin’s third variety included only the Florida plants 
named as N. kurziana by Gliick in 1927. 

It is apparent fi*om the foregoing brief resume that the 
Sayittaria sabalata comi)lex is not well understood if one 
may i)resume that about the same kind of sami)le was avail¬ 
able to each of the investigators. Much of the variance in 


interpretation is undoubtedly due to the exceedingly great 
plasticity which these plants, as well as other species in the 


‘This investigration was suppoitcMl (in part) ])y a research grranl, KG-() 30 r>, to the 
junior authfu* from the Division of (General Medical Sciences. Public Health Service. 
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genus, show in their vegetative responses to different en- 
vii’onments and/or environmental fluctuations. 

The junior author commenced to observe the Safjittaria 
fiubulata complex in the field sevei’al years ago while con¬ 
ducting general collecting in the northern Floidda region. 
During the summer of 1959 numerous observations wei’e 
made by Dr. Norlan C. Henderson- and the senior author. 
Since that time the present authors have continued to study 
these plants and all of our collective experience includes a 
not inconsiderable amount of observation in nature where 
forms that appear to represent the extremes occur, and 
where certain differing kinds of habitat fluctuations were 
evident. In addition it includes some greenhouse culture 
experiments. It is our intent here to report upon this work 
only insofar as it leads us to offer some hypotheses as to the 
taxonomy of the complex and to suggest procedures for 
further intensive investigation to test these ideas. 

Throughout most of these investigations the authoi's have 
entertained the notion that at least thi'ee biological entities 
wore involved. One of these, the lai'gest and most conspicu¬ 
ous, was thought to be referal)le to Saif iff aria karziaaa 
Gliick. Plants of this type ai’e very abundant in the St. 
IMarks and Wakulla river channels (Wakulla County, south 
of Tallahassee, Florida) as well as in several of the lai’ge 
si)rings and spring-fed streams in central Florida. A 
second kind of Saqiffaria, considerably smalloi' in size, was 
obsei’ved on the tidal mud flats and banks along the lower 
portions of these two rivers. This jdant was considered to 
be the same as the r}(f)}(lafa of the tidal flats around Chesa¬ 
peake Hay and northwaixl. A third aspect with floating 
dilated leaf l)lades was also I’ecognizable and I'eferred to 
Small’s S'. rfitf/Horaui {= S. uafans Michx., not Pallas). 
However, recent obsei’vations of the complex, especially 
at the Wakulla-St. Mai’ks stations, have demonstrated that 
this idea must be revised. 

It will be helpful in the following discussion to consider 
first the kind and natui’e of the three principal phases ob- 


-T'ht*n a K»*a<luato studc^rU and an N.S.K. Uesearch Participant, now at McMurray 
CoIU*g:c, Ahilcnc, Texas. 
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servable within the Kubulafa complex. We think 

that an analysis of the morphology of the recognizable ex¬ 
tremes and the habitats in which they grow will provide 
a framework around which oui' other observations can be or¬ 
ganized. 

THE SAGITTARIA KURZIANA PHASE 

Plants of this type were first brought to the attention 
of botanists by Hugo Gltick (1927) who had been guided to 
the type locality by Dr. Herman Kurz, then Professor of 
Botany at Florida State College for Women (now Floidda 
State University) at Tallahassee. Gltick and Kurz observed 
and collected the plant in the Wakulla and St. Marks rivers 
in 1926. The tremendous size of the i)hyllodes and scapes 
gi’eatly impressed Gltick who remarked enthusiastically that, 
to the best of his knowledge, it is the “lai’gest Sa(/itfari(( of 
the whole world!” He noted phyllodes as long as 8.8 meters 
but the present authors have not encountered any longer 
than about 2.5 meters. ■ 

The ri(t Icurziana'’ i)lants are characterized by the 

great length of their strai)-like i)hyllodial leaves, several 
of which issue from a very short stem (Fig. 1). Each |)hyl- 
lode tends to be broadest above the middle, tapering gradual¬ 
ly toward the apex, and is moi’e or less flattened with the 
veins usually evident as several prominent ridges on the 
lower surface (Fig. 2). When viewed from underwater 
these leaves are seen to covc'r the spring or stream bottom, 
a scene which brings to mind Agnes Arber’s vivid descrip¬ 
tion of the deep water phase of S. i<a(/iffifolia, a Euroi)ean 
species. Mrs. Arbei' wrote (1920, p. 12) that “the I’ibbon- 
leaves of StujUidria . . . hav(' a singulai' beauty when seen 
foi’ming, as it wei’e, a meadow beneath the surface of the 
water, moving in the current in a way that I'ccalls a fa'ld 
of wheat swayed by the wind.” The inflorescence scap('s of 
the “5. Icurzidiia'’ type of plant also l)ecome very long, often 
reaching 15-25 dm. 

This distinctive ria seems to be much at home in 

the clear running water of the Wakulla and St. Marks livei’s 
(and a few of their small tributaries). It is very abundant 


•*T he notation on (• nsf'o m ((;n i that the leaves reach a lengrth of filty I eel 
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ill the Wakulla River all the way to its source at the large 
fresh-water Wakulla Spring. The plant also grows in great 
abundance in at least ten other compai'able springs and 
spring-fed streams of northern and central Florida. These 
aquatic habitats are unique, having been produced by a 
combination of climatic and geological forces (Whitford, 
1956). A tremendous volume of water issues forth from 



Fk;. 1-5. Fu;. 1. “S. fcurziatia,** habit. Note younjx plantlet from rhizome. Fir.. 2. 
Phyllode of **S, l%urzian<i,** c'ross-sect ion, lower surface in face view. Fk;. 2. kurzU 
aiKi” plant uprooted and floatinjj:. Compare the much elon^rate ori^rinal jihyllodia with 
those formed while floating’ (see (ext). Fid. 4. suhulata,** habit. Note younj^ plant- 
let from rhizome. Fk;. 5. Phyllode of “S. snbidlata/* cross-section, lower surface in 
face view. 
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these giant springs, many having a flow of over three cubic 
meters per second. Around the springheads are often large 
open pools, and the watei’ forms deep runs or streams which 
may be several miles long. Very little surface water enters 
and the chemical and thermal conditions are relatively stable, 
tlie light being the only important environmental variable 
(Whitford, 1956). The waters are hard in most of these 
sjirings, with large amounts of calcium, sodium, potassium 
and chlorides often present. The tempei’ature is remarkably 
constant, varying less than 1° C. annually in many of the 
spring pools (slightly more down stream, of course). W'^a- 
kulla Spring has a temperatui'e of about 21° C. while several 
of those further south are a few degrees warmer. 


In the St. M 


Wakulla rivers the plants of the 


‘'S(((jitfaria Icurziana” ty])e gi'ow in watei' from about one to 
at least three meters deeji (completely submersed where the 
waters are affected by the tide) forming broad zones. In 
McBi’ide’s Slough, a spring and its stream that flows into 
the Wakulla River, the i)lants often grow throughout the 
width of the stream, esi^ecially neai’ the siiringhead. 
the Sag iff aria othei' si)ecies of vascular i)lants are often 
present, including Najas </ua(l((laj)fnrtr, VaUiruena s]")., and 
Potamogafo)} illinooinis. Dense l)eds of Chara, a lai'ge gi’een 



alga, are also common. The leaves of these plants are coated 
with dense growths of algae, especially diatoms, filamentous 
greens, and blue-greens (Whitford, 1956). This investigator 


found that the algae foi-m recognizable communities, well- 
developed on the Sagiftaria /eaves, depending upon the min¬ 
eral content of the springs. 

The importance of these large springs and spring-fed 
streams in Florida as natural laboratories ready-made for 
ecological studies under conti'olled conditions has been shown 
by Odum (1957). Fi'om intensive investigations of com¬ 
munity metabolism and productivity in one such spring, the 
famous Silver Springs near Ocala, Marion County, Florida, 
Odum found that a remarkable steady state is present and 
appears to have existed for a very long time. Under these 
optimum conditions Odum di.scovered that the Sagiftaria 
plants are responsible for one-third of the primaiy produc- 
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tion of organic matter in the spring community. The Sai/it- 
faria no doubt plays a similar imi)ortant role in the ecology 
of the other springs where it occurs. 


THE SAC.ITTARIA SUDULATA PHASE 

This distinctive >'k( of tidal mud flats and tidal 

shores was first collected by John Clayton sometime duidng 
the early seventeenth centurv. Clavton lived for manv vears 
in Gloucester County, Vii'ginia (Steam, 1957). While he 
visited and collected in other i)arts of Virginia, Clayton 
could have gotten his specimens of "S. suhniata'' near his 
home, since Gloucester County is bounded on the east by 
Chesapeake Bay and on the west by the Yoi’k River. 

The }^i(b}(lata” phase is a small plant, commonly with 
short phyllodia (Fig. 1) not unlike those of Lilaeopsis 
rhiiif}is(’s (with which we have known it to be intermixed) 
and which by means of subteri'anean runners foi*ms dense 
mats. In size, the shoots gi'ade from the tiny Lilaeop.'^is-Wke 
ones on the upi)er tidal shores to a condition where there are 
I’osettes of ascending wider leaves reaching a length of 1.5-3 
dm. 01 ’ more on lower shores (Fig. 10 a-i), submei’sed even 
at mean low tide. “Grassy” mats are foi’med on the bottom 
which verv much resemble those formed bv Thaktsski in 

• t 

purely saline situations. The phyllodia tend to be moi‘e oi’ 
less lenticulai’ in cross-section, especially in the lower half, 
and, when fresh, as much as two-thirds to three-fourths as 
thick as they ai'e wide (Fig. 5). Generally the veins are in¬ 
conspicuous, not forming the i)i-ominent ladges as in the "S. 
kurzidiiik' form. A tendency for the phyllodia to be broad¬ 
ened near theii* apices, producing a nari'ow but definite 
l)Iade, is often present in plants of "S. sidmlata” from New 
York to Noith Cai'olina (Figs. 7, 8, 9). 

The best development of the "S(t(/iftaria suhnlaia'’ form 
occurs on the tidal flats and along river shores which come 
under the influence of the tides. A few plants have been 
seen growing completely out of the water but they ai'e 
probably covered during times of paidiculai'ly high tide. 


For several houi’s each day (dui’ing the retreat and advance 
of the tide) most of the plants are exposed to the drying 
action of the sun and the air with little, if any, adver.se 
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effects. Near the junction of the Wakulla and St. Marks 
rivers the "S. subuhita” foi-m is very abundant on the mud 
flats, often being virtually the only plant in a zone as wide as 
30 meters. Seaward from this point even wider expanses of 



11 


b'hk b-11. b'u;. b. “S. '<nhnlata var (/rarlll I Hid'* from ('olliiis, Ivh<uU* Islaral (cil). 
b’K;. 7. “5. suhnlutii'^ fmrn House* l^r.oTO. I'lsWy Go., N. Y. ((Wi). Note widened lamina, 
b’lc;. S. “S. from Steele Aug:* ISOb, Di.striet <>! ( olumbia ( I'S i . bn;. \K 

“S. siihulata'" from Steele Se])t. 1. IIMIO. I)i.<lrict of Columbia (I’S). Fn;. 10 a-i. “S. 
sHhulafa** from Adams 7.2.sM, Wakulla ('o.. Fla. (Fsr). Fin. 11 a-r. A 


ii y lit >1/1 


population Ci, Wakulla Co., bda. (See text) 
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the tidal flats are thickly carpeted with this plant. Upstream, 
further away from the tidal influence, the colonies diminish 
in extent, until only a few scattered individuals are present, 
as in the case at the U. S. Rt. 98 highway bridge over the 
Wakulla River (about seven miles from the Gulf of Mexico). 


THE SAGITTARIA STAGNORUM PHASE 


Plants of this taxon were fli’st descril)ed by the elder 
Michaux in his “Flora Boi’eali-Americana” (ISOfl) undei’ the 
name of S. natann (an epithet unfortunately pi-edated by 
Hufans Pallas, a European plant). Typically, many of the 
phyllodia are dilated near the apex, jiroducing linear-ovate 
to ovate or even slightly sagittate blades which float upon th.e 
surface of the water (Figs. 12, 12). During the wintei', the 
floating leaves disapiiear, presumably being killed by a thin 
fllm of ice which occasionally foi’ins in this I'egion. This 
medium-sized, vei\v distinctive plant reaches its most tyi)ical 
development in the (piiet, relatively shallow wjitei’s of sink¬ 
hole ponds and |)ools, lake margins, and swamps and road¬ 
side ditches in which water stands for sevei'al months. In 
the small sinkhole ponds which are a characte»*istic featui’o 
of the landscai)e in northern Floi'ida the 


*4 O 


S. sta(/no)-ut}i'’ 

phase often foi-ms a zone or ring of considei’able width 
ai’ound the mai’gins. When the i)lants are in flowei' an un¬ 
usual aspect suggesting confetti on the water surface is 
presented. 

Additional Field and Greenhouse Observations 

Having described in a general way the thi'ee main phases 
detectable within the Sagiftaria subidata complex, we now 
turn our attention to the variations from these principal 
forms. Lest we be accused of so-called “typological think¬ 
ing’' may we hasten to assure the I’eader that this manner of 
organizing our observations is purely arbitrary. Due to 
the unusual natui*e of the problem this particulai* manner 
of presentation appears to us to be the best method. We are 
fully cognizant of the elementary biological principle that 
populations, subspecies, species — taxa if you please — 
in differing degrees. If the readei* so wishes, he may regai-d 
each “phase” as representing the midpoint on a variation 


varv 
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curve; in a sense they can be called bv the old-fashioned 
word “extremes.” 

Population’ A: Marion Co., Fla., near Silver Springs, east 
of Ocala. 

In a small drainage ditch which flows into an artificial 
boat basin near the Silver River (the stream from Silver 
Springs) Sagiffaria plants with a most variable arrav of 
phyllodial shapes occur (Henderson and- Adams 2016 July 8, 
1959, FSU, 8 sheets). All intermediate forms from strap-like 
phyllodia to leaves with fairly definite petioles and blades 
wei-e observed, even on the same plant. The dilated leaf tips 
extended nearly vertically above the water surface with 
little or no tendency to become floating. Amidst the Sagit- 
taria were numerous other kinds of vascular plants, result¬ 
ing in the ditch being fairly choked with vegetation. The 
water depth in the middle of the ditch was about 70 cm. On 
the other side of a small footbridge, at the junction of the 
drainage ditch and the boat basin, were many Sagiffaria 
plants with only long, strap-shaped phyllodia. Here the 
water was much deeper, the current fairly swift, and very 
few other plants were present. Since the Sagiffaria in the 
nearby Silver River and Silver Springs had the "S. kurzi- 
ana’' appearance, this population was interpreted as being a 
deviation from the typical form of "S. kurziana.” More 
recently, study of similar populations in other areas has 

strongly suggested that a re-interpretation is necessary 
(see below). 

Population B. Taylor Co., Fla. 

A colony similar in several features to population A was 
discovered growing in a “black” water, swift-flowing stream 
out of a Nyssa swamp (8 miles south of Perry, Godf rey and 
Houk 601^60, Oct. 21, 1960, FSU, 18 sheets). Many of the 
phyllodia were elongate and ribbonlike but all transitions to 
leaves with broadly dilated blades (Fig’. 14 g’-p) were pres¬ 
ent, even on the same individuals. The leaves on several 


^The prusencu of extensive vegretative repi-oduction by means of i*hizome.s and corrns 
rerulei^^ the collection of true population .samples most diflicult. Therefore, \V(‘ have 
had to be satisfieil with takin.u' si)ecimens along' ti'ansits oi* by mei'ely walking (or 

1 athei wading) about over the stand anti picking up plants at ii'regular intervals (see 
fuller di^cuiision of this jdKuiomcaion below'i. 
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plants \vei*e cut off about 8-12 cm, above the base and the 
rootstocks were planted in wet soil contained in aquaria. 
The tanks were filled with 12-15 cm. of tap water. Within 
a few days after transplanting, new leaves wei’e being pi'o- 
duced {Godfrey 60Jf60A. March 1961, FSU, 8 sheets). These, 
as well as subsequent ones, tended to have a widened floating 
blade with slender “petiole” (Fig. 14 a-f). Such plants have 
the typical vegetative form characteristic of “<8. stayiiorund'. 




** Sti (jitta ria noru ni habit. 


Nott* thr .‘^ag:illale leaves. 


Population C: Levy Co., Fla. 

A population comparable to the Taylor County area (see 
li above) was found growing amidst a thick mat of the 
a(juatic grass H yd rochloa carol hi iensis in a drainage ditcli 
bordering a cypress swamp (ca. 5.5 miles west of Bi'onson, 
Godfrey March 2, 1961, FSU, 1 sheets). In natui-e, 

these plants possessed phyllodia which exhibited much the 
same gamut of variations in shape as the Taylor County 
population except that the “i)etiole” of the leaves with blades 
were very much shorter and stouter. Within loss than two 
weeks after being transferred to aquaria in the greenhouse, 
bi-oad, lloating leaf Idades on narrow petiolai- structures 
were l)eing produced in abundance (the original leaves were 
not removed in this sami)le; they soon i-otted away in the 
aquaria). In this exam])le. also, the aquarium grown plants 

])hase 


assumed the aspect typical of the ttlaynoruni 
{Godfrey GOdiluA, April 17, 1961, FSU, 8 sheets). 


»j 
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Population D: Leon Co., Fla, 

For more than a year the senioi* author has continually 


obseryed a colony of Sapitfaria growing in the “black” water 
of a Nyssa-Taxodium swamp. Dui'ing a period of heayy 
rains and consequent high water leyel the plants were in 
about 0.5 to 1.2 meters deep. Many of the phyllodia were 
elongate and strap-like but, especially in the shallower watei*, 
yarious forms of widened leaf tips were produced (15 miles 
north of Tallahassee, Adanit^ April 19, 1960, FSU, 12 



Fic. 

prrnwn 


14. “S. staf/nonun” jibyllodia: 

in iKiiiaria; k-P. plants in naturt*. 


poi)ulation H, 

( St'i* tt'Xl ). 


Taylor Co., 



a-f. plant.'- 





























































































































































Rhodora 


[Vol.63 


258 


sheets). About five weeks later, the water level had dropped 
considerably and the plants pi’esented a much changed ap¬ 
pearance {Adani.'^ May 21, 19b0, FSU, ^13 sheets). In the 
mud along the swamp mai’gin were plants completely ex¬ 
posed to the air. Their leaves were very short, semi-erect, 
and with wide blades. Underground runners fi’om the.se tei- 
restial plants were traced out into the swamp bottom for 
distances of one-half to a meter or more. At intervals in the 
water new shoots were pi'oduced from these runners. The 
))hyllodia were elongate and ribbon-like as well as with 
dilated, floating tips. Several rootstocks of the submerged 
individuals were transferred to aquaida and, witJiin two 
weeks, most of the new leaves were of the floating type 
{Adams 752, March 30, 1901, FSU, 3 sheets). 

Pojmlation E: Leon Co., Fla. 

Ti’emendous variation in the shape of the floating leaf 
blades is present in many populations referable to the 


"Sdffiffaria sta(/aonim” phase. The plants of one such colony 
in and on the exposed shores of a small jiond had leaves show¬ 
ing all imaginable transitions from the i-il)bon-like phyllode 
to one with a dilated floating blade having a truncate or 
even .somewhat sagittate ba.se (Fig. 15) (1 mile north of 
W'oodville, Haadarso)) 2()0->, June 18, 1959, FSU, 5 sheets). 
A collection from the same pond {Godfrey 575S5, Aug. 15, 
1958, FSU, 27 sheets) made the previous summei* is reveal¬ 
ing since much more vai’iability in leaf blade shape and size 
is present (Fig. lb). In general, the widened lamina were 
longer than in the Henderson collection while their ba.ses 


tended to be more sagittate. Such annual changes in a 
population are of great inteix'st and need to be investigated 
further. The tendency for production of sagittate heaves is 
evidently a widespread phenomenon, judging from the avail- 
al)le hei’bai'ium mateiaal. 

Populaftou F: Wakulla Co., Fla. 

Valuable infoi’ination concei’iiing the api)arent effects of 
th(‘ local envii-onmental conditions upon the vegetative bodies 
of the "Sayittaria sfayaonnn'' form has l)een oUained l)y 
tran.sect studies. One colony growing in a wide ditch adja¬ 
cent to a Nys.sa swamp was .sampled by collecting the plants 
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at intervals along a transect reaching from the muddy bank 
out into the ever-deepening water (6 miles south of Craw- 
fordville, Adams 263, Aug. 15, 1959, FSU, 8 sheets). Plants 
on the wet soil wei'e dwarfed, their phyllodia rather short 
and with semi-erect dilated tips (Fig. 17a). Further out in 
the water (about 5-10 cm. depth) the typical floating* blades 



I’ic. vjirintioT) of **S. aftmttat'ntn, iK>})nlut i<*ii 1., I.t'on Co.. 1* lii. Ndt*. 

Iniiisitioo from mniow str.-ii.liko i)h.\ llo.lia to hliidt's with .<:i 5 iitl:itc hasos. 
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(Fig, 17 b-e) were found along with some ribbon-like phyllo- 
(lia. With inci-ease in water dej)th the phyllodia l)eeonie 


much more elongate (Fig. 17 f-i) while the lloating leaves 
virtually ceased to be produced (at about 1 meter deej)). 
The length of the scapes varied dii*ectlv with the water 


de|)th., also. Similar observations have been ivcorded by the 
authors at numei-ous othei* stations. 

Population G: Wakulla Co., Fla. 

In McBride’s Slough, a medium-sized spring-fed stream 
liowing into the \\ akulla Rivei’, a Sapiffaria not unlike the 
“S. kiirziana'’ jdiase is extremely abundant {Adams and 
MitchvU 7r>Ju April 21, 19(11, FSU, 1<S sheets). In the fairly 
swift curi-ent of the deeper i)ortions of the stream these 
plants have elongate, ril)bon-like idiyllodia (Pdg. 11a, b) and 
cori’espondingly long inlloi*escence scapes. However, in the 
hallower watei- near the banks many plants with much 



I’Ui. 17. va 1 ‘iaiioji 
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imlicatod l>y tht* ortlinate. 
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sliortened phyllodia exhibiting’ various degrees ol widening 
at the tips occur (Fig. 11 c-i). At the spring itself, the "S. 
kurzinna’' aspect is present in the deeper water but a gradual 
decrease in the size of the plants occurs toward the periphery 
of the springhead pool. On the soft mud at the edge ot the 
pool, the leaves on individual plants show a gradual increase 

not infrequently even producing a 



in dilation of the 
floating blade (Fig. 11 j-r). 

Population H: Wakulla Co., I'la. 

A])proximately a mile north of the village of Newport is 
a sulfur spring which forms a small stream emptying into 
the St. Marks River. In the swift current of this rivulet 
there occurs a Sagiffai ia with elongate sti’ap-like i)hyllodia 


hardly distinguishable (if at all) from the "S. kwziana 
phase so abundant in the nearby river (see Fig. 1). Along 
the muddy banks and in quiet backwaters created by large 
masses of Ciciita (and other vegetation) plants whose phyl¬ 
lodia are variously dilated are frequently encountered. Oc¬ 
casionally some of these individuals produce phyllodia with 
widened, floating blades not unlike those characteristic of 
the “S. staf/nonink^ phase (Fig. 13). On the muddy banks 
along the lower portion of this stream (near its junction 
with the river) are plants which are very difficult to distin¬ 
guish from the “(S. suhulntd” form (similar to Figs. 4,10 a-i) 
so very abundant further downriver where tidal fluctuation 


occurs 


Mitch 


Observation on Methods of Reproduction 


Extensive vegetative reproduction via underground run- 


m 


subulata complex. The runners extend from the base of a 
plant and, after becoming several centimeters long, produce 
small white swellings similar to a corm or tuber (Figs. 1, 4, 
12). From each such structure a new plantlet will arise. 
Not long afterwards, a new runner may form from the base 
of the young plant, a process often resulting in several to as 
many as fifty plants linked together (Wakulla Co., Fla., St. 


Marks. Heyide 





July 21, 1959, FSU, 3 sheets). Such a phenomenon is re¬ 
sponsible for the formation of vast mats or beds containing 
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practically nothing- but Sagiffaria. In the Wakulla and St. 
Marks rivers large clumps of the "S. subulafa'^ form often 
become detached from the tidal mud, float about on the 
surface, and are carried along by the current. Frequently 
the plants in these floating mats i-emain alive long enough 
to flower and i)roduce mature fi’uits. Individual plants of 
the "S. kurziana” aspect are occasionally torn loose from 
their anchorage in the river bottom. If they happen to be¬ 
come caught-up in debris along the shore, or in quiet back¬ 
waters, very short phyllodia with dilated tips may be pro¬ 
duced (Fig. ;>). Flowers on gi-eatly shortened inflorescence 
stalks are often formed, even remaining long enough to 
mature the achenes. Young plantlets may often foi’m at the 
lowest node of the inflorescence. Several instances of’ this 
phenomenon have been seen on plants in McBi-ide’s Slough 
{Aclanis 7.74.4, April 21, 1961, FSU). 

Vegetative reproduction appears to be of jiaramount im¬ 
portance in the maintenance and local spread of plants of 
the Sdgiftaria subulata complex. The massive beds such as 
those formed in the Wakulla and St. Mai-ks rivei-s reidenish 
their numbers simply by the new plants which form from the 
conns produced on the subterranean runners. It would ap¬ 
peal- that, in these dense “carpets and meadows” of S(i(/it- 
fdna, seedlings would have little chance of becoming estab¬ 


lished, presumably being hindered by competition with exist¬ 
ing |)lants which originat{Kl from the runners. 


Keproduction by seeds no doubt occurs but probably plays 
a secondai-y role in the life cycle of these |)lants, at least once 
a colony becomes estalilished. Re-establishment of the 
.siaguonim” phase following severe drouth resulting in dras¬ 
tic and often leng-thy desiccation of the habitats is pi-obably 
due to seeds. The junior author has observed situations 
whei-e, aftei- a sevei-e drouth cycle of several years, no 
S(((/itfana plants could lie found in the dried-up ponds, ditch¬ 
es, and swamps. The drought was broken by much autumn 
rain following- which these habitats rapidly became filled 
with water — and in the following- very early spring- the 
"S. stugnonim'' foi-m was found to be extremely abundant 
in the very same places wei-e none was pi-esent earliei-. This 
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observation implies that such raihd re-colonization may have 
been due to seeds since the underground runners would most 
likelv have been killed bv the several years of drouth. Abun- 

A. % 

dant seeds are matured by the plants of the S. sKhidata com¬ 
plex. 

The pedicels of the carpellate (lowers become rellexed after 
pollination (Figs. 1, 3, 4, 12) and the fruits reach maturity 
underwater. The fruit, a distinctive achene with variously 
developed wings, becomes detached from the receptacle and 
floats to the water surface. We have not been able to follow 
the subsequent events leading to germination of the seeds. 


Notes on Flowering 


Plants of the "S(i(/ittaria kurziana” phase flower through¬ 
out the year. The other phases of the S. subulata complex 
apparently cease flowering in the winter. Beginning in 
March and April in the Tallahassee region blooming resumes 
and continues until about November. In Massachusetts S. 
subulata var. graciUima { = S. stagnorum Small ?, see below) 
begins to flower about the middle of June and continues until 
the end of July (note attached to C. E. Faxon’s specimens in 
the Gray Herbarium). 

Usually the pedicillated flowers are held a centimeter or 
two above the water surface during anthesis, the pollina¬ 
tion appearing to be due to small flies. In the tidal flats 
where the ‘'Sagiftaria subulata” phase occurs the flowers 
open when the tide is low, thus permitting them to be pollin¬ 
ated. On the deep water side of the mud flats we have seen 
partially-opened flowers and these appear not ever to have 
become emersed. Although in all the phases the staminate 
flowers usuallv are emersed at anthesis, there is as yet 
considerable question as to whether many female flowers 
(which ultimately produce achenes) are ever emersed. 


Observations on the Inflorescence Bracts 

Each whorl of branches in the inflorescence of Sagittaria 
was described by Bogin (1955) as being “almost always 
subtended by a ring of 3 bracts.” In the S. subulata complex 
these “bracts” were said to be “typically connate at the base, 
sheathing, . . . and occasionally spathe-like.” Our observa- 



Rhodora 


L V’ol. 


2(il 


lions on living- i)lants show that these so-called bracts ai*e 
actually the split and withering ])oi-tions of a floral envelope 
which comjiletely encloses the young inflorescence and flower 
buds. As these organs develop, the floral envelope is split 
down one side nearly to the base, producing a spathe-like 
a|)|)earance. Frequently, similar tears occur in the other 
sides, often pi-oducing a o-pai-ted “bi-act” structure like that 
illustrated l)y Bogin. Shortly aftei’wards, the envelope be¬ 
gins to withei- and die, usually bi-eaking away, leaving a 
nai-i-ow “ring” of chlorophyllous ti.ssue at the node. The 
floral envelope may i-each a length of 2-:> cm. in plants of 
the “S. IcKrziana'' phase, especially at the lowei-most whorl 
of the inlloi-escence. A similar enveloite covers the corms, 
and is sjilit by the growth of the young shoot. 

Chromosome Counts 

Several mitotic chromosome counts on jilants identified as 
members of the Safjitfaria complex have been j^ub- 

lished. Bi-own (191b) repoi-ted the dii)U)id number of 22 


chromosomes foi* “S. sfaf/uonmi Small”, “S. Kurziinia 
Cluck”, and a putative hybrid between i)lants of these two 


taxa. A diploid count of 22 chromosomes in j)lants of the 
tidal “S', siihidafa" was jHiblished l)y Baldwin and Speese 
(1955). Bi'own (194b) also found 22 chromosomes in 
somatic tissue of plants which he identified as “var. 


gracillima.” No mention of this report was made by Bogin 
(1955) who claimed to have discovered “ca. 41” chi-omo- 
somes in root tips of “var. (jmcUlhna ” 

Remarks on the status of S. subulata var. gracillima 

Since being described by Sei-eno Watson (1S90), this 
S(((/ift((ria with very narrow elongate phyllodia has lieen 
subjected to a variety of opinion concerning its biological 
distinctness and its taxonomic standing. Most authors have 
recognized its close affinity with the S'. com])lex but 

their interi)retations of its alliance within the gi-oup have 
varied consideral)ly. Watson considered the plant to be a 
variety of S. nafans; Michx. (S. }<ta(inorum Small) while 
Smith (1895) treated it as a vai-iety of S. subulata (L.) 

' 0. . ^^1 f \) 1 ^ years latei- Fernald (1940) concun-ed with 
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Smith’s opinion but the following year Clausen (1941) re¬ 
garded var. gracillima as a deep water phase of the tidal 
flat jdant S. snbidata. Recently, Bogin (1955) and Beal 
(1960) have maintained (frarillinia as a variety of S. 
lata. 

Exception to the prevailing opinion concerning the rela¬ 
tionship of var. (jracillinia was made by Pierce (in Gleason, 
1952). This author concluded that the plant was more pi'O})- 
ei'ly interpreted as a “deej) water form” of Sagiftaria granii- 
7i(’(( Michx. 

Our observations of the Sagittaria subulafa complex 
strongly suggest that var. gracillima may represent merely 
the deep watei* aspect of "S. stag no mm.'’ We have seen 
many plants of the “S', slagnomai” phase in Florida and 
Georgia, both living and on herbaidum sheets (Figs, lid, 
17i), which are hai’dly distinguishable from New England 
specimens (Fig. 6) traditionally classified as this variety. As 
discussed above, ])lants of “S. slag nor a m” gi'owing in watei' 
about a meter or more deep possess very elongate nari'ow 


phyllodia (Figs. 14 A, 17 i). The production of dilated leaf 
blades by plants of var. gracillima from Massachusetts simi¬ 
lar to House 25070 (Fig. 7) further suggests its close affini¬ 
ty with the "S. stagnorum” phase of the N. subulata comjilex. 


Concluding Remarks 


Despite the not inconsiderable amount of observation de¬ 
tailed in the foregoing discussion, we still do not feel justified 
in assigning taxonomic status to the three relatively distin¬ 
guishable phases (Figs. 1, 4, 12, 18) in this complex. We 
believe that their biological discreteness, or lack of it, must 
be investigated more thoroughly, probably entailing the 
following: a more intensive and extensive analysis of popu¬ 
lations 01 ' stands in relation to variable and fluctuating 
envii'onments ; reciprocal transplants; ex))erimental culture: 
more exact and more extensive cytological study; and, if 
possible, crossing experiments. The universal occurrence 
of vegetative reproduction and the consequent impossibility 
of discerning individual plants in this complex certainly 
require that populatton analysis be handled differentlv from 
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that in groups whose populations ai’e comprised of manifest¬ 
ly discrete individuals. Possibly plants can be grown satis¬ 
factorily from seed thus yielding information not otherwise 
available. — DEPARTMENT OF botany and bacteriology, de- 

PAuw university and department of biological sciences, 

FLORIDA STATE UNIVERSITY. 
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